Campylobacter jejuni is a frequent cause of bacterial gastroenteritis worldwide. Lipooligosaccharide (LOS) has been identified as an important virulence factor that may play a role in microbial adhesion and invasion. Here we specifically address the question of whether LOS sialylation affects the interaction of C. jejuni with human epithelial cells. For this purpose, 14 strains associated with Guillain-Barré syndrome (GBS), 34 enteritis-associated strains, the 81-176 reference strain, and 6 Penner serotype strains were tested for invasion of two epithelial cell lines. C. jejuni strains expressing sialylated LOS (classes A, B, and C) invaded cells significantly more frequently than strains expressing nonsialylated LOS (classes D and E) (P < 0.0001). To further explore this observation, we inactivated the LOS sialyltransferase (Cst-II) via knockout mutagenesis in three GBS-associated C. jejuni strains expressing sialylated LOS (GB2, GB11, and GB19). All knockout strains displayed significantly lower levels of invasion than the respective wild types. Complementation of a ⌬cst-II mutant strain restored LOS sialylation and reset the invasiveness to wild-type levels. Finally, formalinfixed wild-type strains GB2, GB11 and GB19, but not the isogenic ⌬cst-II mutants that lack sialic acid, were able to inhibit epithelial invasion by viable GB2, GB11, and GB19 strains. We conclude that sialylation of the LOS outer core contributes significantly to epithelial invasion by C. jejuni and may thus play a role in subsequent postinfectious pathologies.
scribed for C. jejuni (31) , and this number continues to increase (30) . Sequencing and microarray analysis of the LOS biosynthesis gene locus of the C. jejuni genome have also revealed this locus to be highly variable (11, 15) , which may contribute to the variation in C. jejuni-associated pathologies. Furthermore, it has been shown that C. jejuni strains may also acquire these LOS synthesis genes from other C. jejuni strains by means of horizontal exchange (10, 34) .
A subgroup of C. jejuni strains that express the LOS class A, B, or C gene locus harbor genes involved in sialic acid biosynthesis and are therefore able to synthesize sialylated LOS (9, 11, 12, 14) . The cst-II gene encodes a sialyltransferase (7) that is necessary for the transfer of sialic acid onto the LOS core in C. jejuni class A and B strains. C. jejuni class C strains depend on the cst-III gene for LOS sialylation. Hence, only C. jejuni strains expressing LOS class A, B, or C are capable of LOS sialylation. Previously, we have shown that the presence and expression of the cst-II gene is specifically associated with GBS and is required for the induction of antiganglioside antibody responses, which are the hallmark of this postinfectious complication (12, 39) . Based on this prior work, we hypothesized that LOS sialylation (and consequently C. jejuni LOS subclasses) may be involved in C. jejuni invasiveness.
Therefore, a panel of 48 human isolates and 7 human control strains was assessed for invasiveness for two human epithelial carcinoma cell lines (Caco-2 and T84). To specifically explore the role of sialylation, we generated three GBS-associated sialyltransferase (Cst-II) knockout C. jejuni strains (GB2 ⌬cst-II, GB11 ⌬cst-II, and GB19 ⌬cst-II). These GB2 ⌬cst-II, GB11 ⌬cst-II, and GB19 ⌬cst-II mutants were tested for their abilities to adhere to and invade Caco-2 cells. Finally, we investigated whether complementation of the ⌬cst-II mutant would restore the invasion-associated function of this gene product.
MATERIALS AND METHODS
Bacterial strains. Fourteen GBS-and 34 enteritis-associated C. jejuni strains isolated from Dutch patients, 6 Penner serotype strains, and the 81-176 enteritis reference strain were used in this study (see Table 1 ). To minimize in vitro passages, C. jejuni strains were recovered from the original patient-isolated glycerol stock by culturing on Butzler agar plates (Becton Dickinson, Breda, The Netherlands). A second passage was allowed for optimal vitality before these strains were used in experiments. After recovery, cells were harvested in Hanks balanced salt solution (Life Technology, Breda, The Netherlands), and densities were adjusted according to the optical density at 600 nm (OD 600 ).
Typing of the LOS biosynthesis gene cluster. To determine the class of LOS locus present in each C. jejuni strain, genomic DNA was isolated using the DNeasy tissue kit (Qiagen, Venlo, The Netherlands). PCR analysis was done with primer sets specific for classes A, B, C, D, and E as previously described (12) . PCR assays were performed in a Perkin-Elmer GeneAmp PCR system, model 9700 (Applied Biosystems, Nieuwerkerk aan de IJssel, The Netherlands), with 35 cycles of 1 min at 94°C, 1 min at 52°C, and 2 min at 72°C.
Knockout mutagenesis. Strains GB2 and GB11 and their ⌬cst-II mutants, GB2 ⌬cst-II and GB11 ⌬cst-II, respectively, have been described previously (12) . A ⌬cst-II mutant of a third GBS-related strain that is described here, GB19, was generated by the same procedure that was used for the knockout mutagenesis of strains GB2 and GB11 (12) . Briefly, the target gene (cst-II) and approximately 700 bp of upstream and downstream flanking sequences were amplified and cloned into the pGem-T Easy vector (Promega Corp., Leiden, The Netherlands). Inverse PCR was used to introduce a BamHI restriction site and a deletion of approximately 800 bp in the target gene. Inverse PCR products were digested with BamHI (Fermentas, St. Leon-Rot, Germany) and ligated to the BamHIdigested chloramphenicol resistance (Cm r ) cassette. Constructs were electroporated into electrocompetent GB19 C. jejuni cells, and recombinants were selected on Mueller-Hinton plates (Becton Dickinson, Breda, The Netherlands) containing 20 g/ml chloramphenicol (Difco, Alphen aan den Rijn, The Netherlands).
Mass spectrometry. Samples were prepared for LOS mass spectrometric analysis by overnight growth of C. jejuni strains at 37°C on Butzler agar plates under a microaerobic atmosphere. Material from one confluent agar plate under a microaerobic atmosphere was harvested and treated with proteinase K at 60 g/ml, RNase A at 200 g/ml, and DNase I at 100 g/ml (Promega, Leiden, The Netherlands). O-deacylated LOS samples were prepared and analyzed by capillary electrophoresis coupled to electrospray ionization mass spectrometry (23) .
Complementation of the cst-II gene. We used site-specific homologous recombination to restore the wild-type phenotype of the GB11 ⌬cst-II mutant strain (unpublished data). Briefly, a construct containing the cst-II gene together with its promoter region and a gene encoding erythromycin resistance were cloned in the same orientation and were transformed by electroporation into electrocompetent GB11 ⌬cst-II mutant cells. The electroporated cells were plated onto selective blood agar plates containing 10 g/ml erythromycin (Sigma-Aldrich, Zwijndrecht, The Netherlands) and were incubated at 42°C under a microaerobic environment. Colonies formed were subcultured to purity and stored at Ϫ80°C until further use.
SDS-PAGE and Western blot assay.
To analyze C. jejuni LOS sialylation, a 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel was run. Strains were harvested from an overnight Butzler agar plate, and concentrations were equalized by OD 600 measurement. Bacterial cell suspensions were lysed using glass beads (MP Biomedicals, Solon, OH). Lysates were digested with proteinase K at 60 g/ml for 4 h at 56°C, and equal amounts were run on a 10% SDS-PAGE Tris-HCl gel for 2 h. As a standard, the prestained SDS-PAGE broad-range molecular weight marker was used (Bio-Rad, Nazareth Eke, Belgium). After electrophoresis, the LOS was transferred to a nitrocellulose membrane (Amersham Biosciences, Piscataway, NJ) for a Western blot assay. The nitrocellulose membrane was blocked overnight with 0.05% (vol/vol) Tween 20 (Sigma-Aldrich, Zwijndrecht, The Netherlands) and 5% (wt/vol) nonfat milk (Bio-Rad, Nazareth Eke, Belgium). The next day, the membranes were washed three times for 10 min each with phosphate-buffered saline (PBS) and incubated with horseradish peroxidase (HRP)-labeled cholera toxin (Sigma-Aldrich, Zwijndrecht, The Netherlands) in 1% blocking buffer as a detection agent. The presence or absence of sialylated LOS was visualized with an ECL detection kit (Biocompare, San Francisco, CA) and Kodak photo film (Roche-Diagnostics, Almere, The Netherlands) according to the manufacturers' protocol.
Bacterial growth assay. The bacterial growth characteristics of the clinical isolates and their corresponding mutants were determined in Mueller-Hinton broth (Becton Dickinson, Breda, The Netherlands) and in a specific antibioticfree cell culture medium, which was used in the gentamicin exclusion assay. Bacterial strains were inoculated at equal OD 600 s, equivalent to 5.0 ϫ 10 4 CFU/ml, and incubated at 37°C with gentle shaking under a microaerobic environment. Bacterial cell counts and OD 600 values were determined at 4, 8, 18, 24, 36 , and 42 h postinoculation.
Intestinal epithelial cell line. Caco-2 and T84 human intestinal epithelial cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and 1% nonessential amino acids (all medium components were from Invitrogen, Breda, The Netherlands). The cells were routinely grown in a 75-cm 2 flask (Greiner Bio-One, Alphen a/d Rijn, The Netherlands) at 37°C in a humidified 5% CO 2 -95% air incubator. Confluent stock cultures were washed with PBS (Invitrogen, Breda, The Netherlands) and trypsinized with trypsin-EDTA (Lonza, Verviers, Belgium), and 5.0 ϫ 10 5 cells were seeded in a new 75-cm 2 flask. Adhesion and invasion. The adherence and invasion of C. jejuni were determined by growing the intestinal epithelial cells (Caco-2 or T84) to confluence for 48 h at a final approximate density of 5.0 ϫ 10 6 cells per well (Greiner Bio-One, Alphen a/d Rijn, The Netherlands) without allowing them to differentiate in the case of Caco-2 cells. The adherence and invasion assays were performed by incubating the epithelial cells with C. jejuni at a ratio of 1:100. Bacteria and epithelial cells were coincubated for 2 h at 37°C under a 5% CO 2 -95% air atmosphere to assess adherence. For invasion, a subsequent 2-h incubation of the epithelial cells was allowed. After incubation, monolayers were washed three times with prewarmed PBS. To kill extracellular bacteria, monolayers were treated for 3 h with a bactericidal concentration of gentamicin (480 g/ml) (Sigma-Aldrich, Zwijndrecht, The Netherlands) in Dulbecco's modified Eagle's medium containing 10% fetal bovine serum and 1% nonessential amino acids as described previously (38) . For all strains, sensitivity to this concentration of gentamicin was confirmed. After a wash, epithelial cells were lysed with 0.1% Triton X-100 (Cornell, Philadelphia, PA) in PBS for 15 min at room temperature. The number of C. jejuni bacteria that had invaded the cells was determined by plating serial dilutions of the lysis mix onto freshly prepared blood agar plates. After incubation for 24 to 36 h at 37°C in a microaerobic environment, colonies were counted. The percentage of bacteria that had invaded was calculated by first dividing the number of C. jejuni bacteria that had invaded the cells by the number of C. jejuni bacteria that had been inoculated onto the cells and then multiplying by 100%. For determination of adherence, cells were washed extensively three times with PBS, and the cell monolayer was lysed with 0.1% Triton X-100, after which serial dilutions were plated onto blood agar plates (Becton Dickinson, Breda, The Netherlands).
Inhibition of invasion. Formalin fixed, wild-type C. jejuni strains and their ⌬cst-II mutants were used to inhibit invasion by viable C. jejuni GB2, GB11, and GB19. Briefly, GB2, GB11, GB19, and their ⌬cst-II mutants at a starting concentration of 5.0 ϫ 10 9 CFU/ml, determined by the OD 600 , were fixed in 3.6% formalin (Sigma-Aldrich, Zwijndrecht, The Netherlands) in PBS for 10 min. The excess of formalin was removed by washing the fixed cells three times in PBS. The sterility of the control cultures confirmed that fixation was complete. Caco-2 cells at a density of 5.0 ϫ 10 4 per well were preincubated for 30 min with formalin-killed wild-type or ⌬cst-II mutant C. jejuni strains at a multiplicity of infection (MOI) ranging from 100 to 5,000. Subsequently, the Caco-2 cells were washed to remove excess dead C. jejuni bacteria, and then fresh medium was added. Viable wild-type cells were added at an MOI of 100, and invasion was assessed by the gentamicin exclusion protocol as described above.
Statistical analysis. Statistical analysis was performed using Instat software (version 2.05a; GraphPad Software, San Diego, CA). Because the invasiveness of strains differed widely, log transformation was used to equalize variances. Invasiveness was expressed as the geometric mean number of CFU per milliliter retrieved from the infected cell line in all three to six invasion experiments performed per C. jejuni strain. Differences in invasiveness between LOS class A, B, and C strains and LOS class D and E strains, and between GBS-associated and enteritis-associated strains, were tested for significance with a Mann-Whitney U test, since column statistics showed that the Gaussian distribution was unequal for the strains. A two-tailed value with P Ͻ 0.05 indicated statistical significance. Statistical analysis for differences in adherence and invasion between wild-type and knockout mutant strains was performed, and differences were tested for significance with a paired t test.
RESULTS
LOS sialylation is associated with increased epithelial cell invasion. We observed a wide range of invasion capacities among the C. jejuni strains ( Table 1) . Categorization of C. jejuni strains into those carrying sialylated (n ϭ 30) and nonsialylated (n ϭ 18) LOS established that the sialylated-LOS producers, classes A, B, and C, were more invasive than the nonsialylated-LOS producers, classes D and E (median CFU per milliliter, 408,300 for classes A, B, and C and 11,190 for classes D and E; P Ͻ 0.0001) (Fig. 1A) . Notably, on average, the GBS-associated strains (n ϭ 14) invaded significantly better than the enteritis-associated strains (n ϭ 34) (median CFU per milliliter, 632,700 versus 49,630, respectively; P ϭ 0.0046) (Fig. 1B) . The invasiveness of the C. jejuni Penner serotype strains corresponded with LOS class expression of sialylated or nonsialylated LOS, with the exception of Penner serotype strain O:4. Thus, Penner serotype strain O:4 and also an enteritis-associated strain, Rivm 15, invaded poorly, despite the presumed expression of sialylated LOS due to the presence of a class A or C LOS biosynthesis gene cluster, respectively. Strain 81-176 invaded the Caco-2 cell line as well as it did in previous studies, although most of those invasion studies were performed using a different cell line and a shorter incubation period (see Table 1 ). All Dutch clinical strains that contain LOS genes of class A, B, or C are thought to express sialylated LOS (12) . Characterization of the LOS ganglioside mimic structures and determination of the presence or absence of sialylation for the GBS strains (GB2, GB3, GB4, GB11, GB13, GB17, GB19, GB22, GB23, GB25, and GB31) and enteritis strains (E98-623, 624, 652, 682, 706, 1033, and 1087) were carried out previously by immunological methods (1, 13) . These results are shown in Table 1 .
LOS phenotype characteristics of different C. jejuni strains and ⌬cst-II mutants. As determined by mass spectrometry analysis, GB19 expressed sialylated LOS in the form of ganglioside mimic GD1c (also referred to as GD3, due to the structural similarity to human GD3). GD1c contains disialic acid bound to the terminal galactose residue. All three ⌬cst-II mutants were chemically defined and found not to express sialylated LOS. The LOS structures of C. jejuni strains GB2, GB11, and GB19 and their associated ⌬cst-II mutants are shown in Fig. 2 . For a subset of strains, comprising GB3, GB4, GB13, GB17, GB22, GB23, GB25, and GB31, ganglioside mimic structures were determined previously by mass spectrometry (Table 1 (2-5, 15, 29) . As can be seen by the absence of data for some strains in Table 1 , mass spectrometry data on LOS structures were not available for all bacteria.
Knockout mutagenesis of cst-II does not affect the bacterial growth rate significantly. To exclude the possibility that differences in viability and growth rates would influence the results of our invasion assays, we assessed the growth rates of wild-type strains GB2, GB11, and GB19 and their ⌬cst-II mutants in Mueller-Hinton medium and in the cell culture medium used in the Caco-2 cell invasion assays. No significant differences in growth rates were observed between the wildtype GB2, GB11, and GB19 strains and their ⌬cst-II mutants during the time span of our invasion experiments (data not shown).
Disruption of cst-II significantly affects the invasiveness of C. jejuni for intestinal epithelial cells. We compared the capacities of the C. jejuni wild-type strains GB2, GB11, and GB19 to adhere to and invade Caco-2 cells with those of their respective ⌬cst-II mutants. At an MOI of 100, wild-type and mutant strains adhered equally well to the human Caco-2 cell line (Fig. 3A) . The only exception was the GB11 ⌬cst-II strain, which displayed a lower level of adherence than wild-type GB11 (P ϭ 0.031). GB2 ⌬cst-II, GB11 ⌬cst-II, and GB19 ⌬cst-II all showed significant reductions in invasiveness relative to that of their wild-type parent strain (P ϭ 0.005, P ϭ 0.002, and P ϭ 0.008, respectively) (Fig. 3B) . In order to study whether the role of sialic acid in C. jejuni invasion is restricted to interactions with Caco-2 cells, a small selection of C. jejuni strains (P3, GB2, GB11, and GB13) and ⌬cst-II mutants (GB2 ⌬cst-II and GB11 ⌬cst-II) were tested for invasiveness for the T84 human intestinal epithelial cell line (data not shown). The levels of invasiveness of all wild-type strains were similar in both cell types. Again, ⌬cst-II mutants displayed reduced (by 1 to 1.5 log units) invasion of T84 cells. Together, these data establish that LOS sialylation contributes significantly to the invasion of intestinal epithelial cells by C. jejuni. We excluded variation in microbial motility as the mechanism underlying the reduced invasion of the ⌬cst-II mutant strains by performing quantitative swarming assays (data not shown).
Complementation of the GB11 ⌬cst-II mutant restores expression of sialylated LOS. Site-specific homologous recombination was used to reinstall the cst-II gene, together with its promoter region, in the GB11 ⌬cst-II strain. Using HRP-labeled cholera toxin as a detection agent, we confirmed the expression of sialylated LOS of the wild-type GB11 strain and of three selected clones of the complemented GB11 ⌬cst-II mutant by a Western blot assay (Fig. 4, lanes 1, 3, 4 , and 5, respectively). The GB11 ⌬cst-II mutant did not express sialylated LOS (Fig. 4, lane 2) . LOS isolated from the 11168 genome strain was used as a positive control for the binding of the HRP-labeled cholera toxin (Fig. 4, lane 6) .
Complementation of the GB11 ⌬cst-II mutant restores invasiveness. The Western blot assay provided evidence that the complemented mutant was now capable of LOS sialylation. With the gentamicin exclusion assay, we were able to show that this complementation also restored invasiveness to wild-type levels (Fig. 5) . These results reiterate the importance of LOS sialylation in invasion.
Fixed, sialylated LOS-containing strains inhibit invasion by their viable counterparts. The decreased invasiveness of GB2 ⌬cst-II, GB11 ⌬cst-II, and GB19 ⌬cst-II and the restored wildtype invasion phenotype of the complemented GB11 ⌬cst-II mutant clearly indicate a role for C. jejuni LOS sialylation in invasion. In order to further address the involvement of LOS sialylation in invasion, we designed an inhibition assay. We preincubated the Caco-2 cells with formalin-fixed, nonviable sialylated wild-type strains (GB2, GB11, and GB19) before incubating the cells with viable sialylated wild-type strains (GB2, GB11, and GB19). We found reductions of as much as 1 to 2 log units in invasion by viable wild-type strains. When Caco-2 cells were preincubated with an excess of formalinfixed nonsialylated LOS ⌬cst-II mutants, no differences in invasion were found relative to the invasion control (Fig. 6) . The control groups consisted of Caco-2 cells that were incubated only with the viable wild-type strain GB2, GB11, or GB19. These results corroborate that LOS sialylation is an important determinant of epithelial cell invasiveness.
DISCUSSION
The mucosal epithelial cells are the first to interact with enteric pathogens such as C. jejuni. This microorganism may temporarily colonize the intestines in the absence of any clinical symptom. On the other hand, C. jejuni has been implicated in the pathogenesis of immune-mediated pathologies, e.g., GBS. Because C. jejuni infection can present with a such wide range of symptoms, it is crucial to further identify factors and mechanisms that control C. jejuni epithelial invasion and persistence (42) . We hypothesized that the factors that regulate C. jejuni epithelial invasion may contribute directly to postinfectious sequelae, e.g., GBS.
Several C. jejuni outer membrane proteins, e.g., CadF, JlpA, and PEB1, play roles in epithelial adhesion and invasion (8, 20, 32) . Recently, PEB1 has also been identified as an amino acid transport system, which is essential for microbial growth (22) . Previous studies that identified microbial LOS as a generally important factor for invasion have been confirmed for C. jejuni (15, 17, 25, 33) . Here we specifically addressed if and to what extent sialylation of C. jejuni LOS contributes to microbial invasion. Therefore, we performed a large-scale survey by testing a heterogeneous panel of 48 human-isolated C. jejuni strains, 7 human control strains, and 3 sialyltransferase (cst-II) FIG. 3 . LOS sialylation plays an important role in invasion of, but not in adherence to, Caco-2 cells by C. jejuni. C. jejuni wild-type strains GB2, GB11, and GB19 and their respective ⌬cst-II mutants were studied for adherence to (A) and invasion of (B) human enterocytelike Caco-2 cells. Circles represent the wild type; triangles represent the mutant. Differences in adhesion and invasion were tested for significance by using the standard t test. Data are expressed as geometric means for at least three experiments, each performed in triplicate. Error bars, standard deviations.
VOL. 76, 2008 LOS SIALYLATION AND C. JEJUNI INVASION OF CACO-2 CELLS 4435
on October 15, 2017 by guest http://iai.asm.org/ knockout strains. The knockout strains were previously shown to lack the capacity of LOS sialylation (12) . Our studies indicate that LOS sialylation facilitates epithelial invasion (Table 1) , since C. jejuni strains expressing sialylated LOS invaded significantly more frequently than nonsialylated LOS strains (P Ͻ 0.0001). Two strains with presumed LOS sialylation displayed low invasiveness. These results show that LOS sialylation must be regarded as an important contributor to C. jejuni invasiveness but not the single determinant. Earlier reports support the hypothesis that several factors determine invasiveness (15, 17, 25, 33) . Similar contributions of sialic acid to invasiveness have been established for other pathogens (36, 43) . In contrast, one study reports on inhibition of invasion by sialic acid (40) .
Our experiments with the GB2, GB11, and GB19 sialyltransferase (cst-II) knockout strains further established the importance of LOS sialylation, since these mutated strains expressing nonsialylated LOS displayed significantly lower invasiveness than their respective wild-type controls. The methods for generation of such knockout strains may be accompanied by various technical side effects, e.g., mutation of genes other than the target gene. Furthermore, insertion of an antibiotic resistance cassette may induce expression or silencing of adjacent genes and gene products. Therefore, we set up experiments using a complemented ⌬cst-II mutant strain. We show that this procedure indeed restored sialylation of the LOS (Fig. 4) and subsequent invasiveness to wild-type levels (Fig. 5) .
In our studies, only the GB11 ⌬cst-II mutant strain showed diminished adherence relative to that of its wild-type parent strain, indicating a less important role for LOS sialylation in epithelial adhesion than in invasion. These findings indicate that adhesion and invasion are regulated by different sets of factors. Adhesion is likely established by proteins such as CadF, JlpA, and PEB1 (8, 20, 32) , whereas invasion is more influenced by LOS sialylation in the strains we tested.
To support the hypothesis that invasion is facilitated by LOS sialylation, we established that formalin-fixed wild-type strains GB2, GB11, and GB19, but not the isogenic ⌬cst-II mutants, were able to inhibit epithelial invasion by viable GB2, GB11, 5 . Complementation of the GB11 ⌬cst-II mutant restores the wild-type phenotype for invasion observed with GB11. The C. jejuni wild-type strain GB11, the GB11 ⌬cst-II mutant, and the complemented GB11 ⌬cst-II (C) mutant were studied for invasion of human enterocyte-like Caco-2 cells. Data are geometric means from at least three independent experiments, each performed in duplo. Error bars, standard deviations. and GB19 strains. These findings may have two implications. First, these data may help to identify novel epithelial invasion receptors. Second, these experiments may lead to the discovery of specific agents that can be used to block microbial invasion.
Previously, sialylation of C. jejuni LOS was associated with GBS (12, 27, 46) . Isolates from GBS patients mainly synthesize sialylated LOS of classes A and B (Ϯ80%) (13) . Strains isolated from enteritis patients show a more mixed LOS composition, with a tendency toward nonsialylated LOS expressed by classes D and E. Notably, the presence of strains expressing LOS classes A and B in enteritis patients is around 20 to 25%. Therefore, the enhanced invasiveness of GBS-associated strains seems to result from the frequent presence of LOS class A and B strains in this patient group (1) . We hypothesize that among other risk factors, enhanced invasiveness (e.g., through LOS class A expression) contributes to the development of postinfectious complications such as GBS.
In conclusion, we demonstrate that C. jejuni strains expressing sialylated LOS have an overall increased capacity to invade intestinal epithelial cells. Knockout mutagenesis of the cst-II gene and complementation and blocking experiments provide additional evidence on the role of LOS sialylation in the invasion of the intestinal epithelium. Understanding the function of LOS sialylation in epithelial cell invasion may provide us with potential target structures for future therapeutic interventions in C. jejuni-mediated diarrheal disease and its postinfectious complications. FIG. 6 . C. jejuni strains GB2, GB11, and GB19 invade Caco-2 cells via a sialylated-LOS-dependent mechanism(s). The levels of invasion by viable wild-type strains GB2 (A), GB11 (B), and GB19 (C) were assessed in the presence of either formalin-fixed GB2, GB11, or GB19 wild-type (wt) bacteria (sialylated LOS) or the respective fixed ⌬cst-II mutants (truncated LOS, nonsialylated). Data are means from at least three independent experiments; error bars, standard deviations.
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